Benzophenone (BP) is one of the many contaminants reported as present in foodstuff 29 due to its migration from food packaging materials. Liquid chromatography tandem 30 mass spectrometry (LC-MS/MS) is acknowledged in the literature as the method of 31 choice for this analysis. However, cases have been reported where the use of this 32 methodology was not enough to unambiguously confirm the presence of a contaminant. 33
Abstract 27
28 Benzophenone (BP) is one of the many contaminants reported as present in foodstuff 29 due to its migration from food packaging materials. Liquid chromatography tandem 30 mass spectrometry (LC-MS/MS) is acknowledged in the literature as the method of 31 choice for this analysis. However, cases have been reported where the use of this 32 methodology was not enough to unambiguously confirm the presence of a contaminant. 33
In previous work performed by the authors, the unequivocal identification of BP in 34 packaged foods was not possible even when monitoring two m/z transitions, since ion 35 ratio errors higher than 20% were obtained. In order to overcome this analytical 36 problem a fast, sensitive and selective liquid chromatography-high resolution-mass 37 spectrometry (LC-HRMS) methodology has been developed and applied to the analysis 38 of BP in packaged foods. A direct comparison between liquid chromatography high 39 resolution mass spectrometry (LC-HRMS) and LC-MS/MS data indicated better 40 selectivity when working with LC-HRMS at a resolving power of 50,000 FWHM than Food matrices are complex mixtures consisting of naturally found compounds, such 54 as carbohydrates, lipids, proteins, vitamins, phenolic compounds and organic acids. On 55 the other hand, compounds such as pesticides, polycyclic aromatic hydrocarbons, 56 chlorinated and brominated compounds, veterinary drugs, toxins, migrants from 57 containers, metals and inorganic compounds may also be present and need to be 58 monitored. Strict regulations apply for many of these compounds, expressed by 59 maximum residues levels (MRLs) and specific migration levels (SMLs). In order to 60 comply with these regulations, highly selective and sensitive analytical methods are 61 required to identify, confirm and quantify the targeted compounds. 62
Photoinitiators are used as starters in the polymerization process to cure the ink by 63 UV radiation. These inks are used to print packaging material such as multilayer 64 laminates, rigid plastic, cardboard and paper. Although intermediate aluminum layers 65 are commonly used to prevent the migration of ink components into food products, the 66 unintentional transfer of print ink components from the outer printed surface onto the 67 food contact surface can occur when the printed material is rolled on spools or stacked 68 during storage. Benzophenone (BP) has a SML set at 600 µg L -1 1 and is currently being 69 analyzed by gas chromatography coupled to mass spectrometry (GC-MS) 2-5 or LC-70 MS/MS 2,6,7 . It has been reported the presence of BP at concentrations ranging from 2.9 71 ng L -1 to 39 ng L -1 in milk samples and between 5 μg L -1 and 217 ng L -1 in fruit juice 72 samples. Nowadays, LC-MS/MS operating in the selective reaction monitoring (SRM) 73 mode is the method of choice for food analysis due to its high sensitivity and selectivity. 74 Such a performance helps the analyst to comply with the EU directive 2002/657/EC and 75 to confidently report a positive or negative finding. The analytical criterion to report a 76 result is based mainly on the monitoring of two transitions, the deviation of the relative 77 intensity of the recorded ions (must not exceed a certain percentage of the reference 78 standard) and the retention time of the precursor ion (must not deviate more than 2.5%). 79
However, the application of this criterion did not completely eradicate false positives or 80 false negatives 8 . The occurrence of a false positive in LC-MS/MS using a triple 81 quadrupole -QqQ -analyzer implies the presence of an interfering compound that is 82 co-eluting with the monitored analyte. The maximum working resolution of this 83 analyzer is sometimes not sufficient to completely resolve isobaric compounds. This 84 problem has been discussed by several analysts and reported in the literature [8] [9] [10] [11] . More 85 problematic than reporting a false positive is the possibility of reporting a false negative 86 because the presence of a possible harmful analyte would be ignored. Such cases have 87 also been reported, for instance in the analysis of 2-hydroxy-terbutyazine in ground 88 water 8 . Ion-ratio errors higher than 20% were obtained by the authors in the analysis of 89 BP by liquid chromatography-tandem mass spectrometry, which prevented the 90 confirmation of this compound in food samples 12 . A possible solution for this analytical 91 problem is the monitoring of more than two transitions or the use of high resolution 92 mass spectrometry (HRMS). Since the product ion scan of BP only shows two ions 93 (m/z 77 and m/z 105) a LC-HRMS methodology, using an Orbitrap analyzer has been 94 developed as an attempt to increase the selectivity of the analytical method. A 95 comparison between LC-MS/MS and LC-HRMS results has also been performed. (Table 1) . These samples could not be confirmed due to this deviation. To overcome 211 this problem, the monitoring of a third transition is recommended. However, this 212 strategy could not be followed in this case because the fragmentation pattern of BP only 213 reveals two product ions, m/z 105 and 77. Since the occurrence of false negatives is 214 normally attributed to the presence of interfering compounds co-eluting with the analyte 215 of interest, it was decided to investigate this analytical problem using high resolution 216 mass spectrometry (HRMS) with an Orbitrap analyzer. Firstly, as an attempt to obtain 217 good mass accuracies for the analysis of BP, different mass resolving powers (10,000 218 FWHM, 25,000 FWHM and 50,000 FWHM) were tested. For this purpose some of the 219 unconfirmed samples analyzed by QqQ were injected at three mass resolving powers. 220 Figure 1 illustrates the results obtained when analyzing sample baby food 1. 221
When using a mass resolving power of 10,000 or 25,000 FWHM, mass errors higher 222 than 16 ppm were obtained for BP -elemental composition (C 13 H 11 O) -not allowing 223 the confirmation of this compound in the analyzed samples. However, when a mass 224 resolving power of 50,000 FWHM was used, BP was detected with a mass error of 1.1 225 ppm. In addition, another compound with an assigned elemental composition of 226 C 12 H 11 N 2 was detected with a mass error of 0.5 ppm. 227
The unknown compound (identified as C 12 H 11 N 2 ) was detected in all the 228 analyzed samples with good mass accuracy, by means of a mass error below 3 ppm, 229 with the exception of soy-milk 2, (Table 2) found when reporting ion ratio ratio values. It was observed that when the relative 250 abundance (%) of BP is below 50 % in relation to Harman (100%) the ion ratio 251 calculation will fall outside the desired range (Figure 3 ). Furthermore by analyzing the 252 product ion scan of BP, the phenyl cation m/z 77 represents less than 30% of the relative 253 abundance. Nevertheless, a strict 20% window was selected in order to obtain good 254 confirmatory results. 255
In a way to develop the LC-HRMS method, quality parameters such as limit of 256 detection (LOD), limit of quantification (LOQ), run-to-run precision and linearity were 257 estimated at a mass resolving power of 50,000 FWHM. LOD (7.5 pg injected) and LOQ 258 (25 pg injected), based on a signal-to-noise ratio of 3 and 10 respectively, were 259 estimated by the injection of 5 μL of the BP standard solution prepared at 10 μg L -1 . 260 Calibration curve based on the peak area showed good linearity in the range studied 261 with a coefficient of determination (r 2 ) > 0.995. Run-to-run precision was determined at 262 250 μg L -1 (n=5) obtaining a relative standard deviation lower than 7%. 263
To explore the feasibility of the method three blank samples, including fruit juice 264 and baby food from a glass container and milk from plastic container, were spiked at 265 different concentration levels and submitted to the sample treatment described in the 266 experimental section. This method provided limits of detection (MLODs) of 0.6 μg kg -1 267 in fruit juice and baby food and of 1.3 μg kg -1 in milk. Furthermore good accurate mass 268 measurements (< 5 ppm) were obtained for all the matrices studied. To evaluate run-to-269 run precision, six replicates of the three spiked samples (100 μg kg -1 ) were analyzed by 270 the developed method obtaining a relative standard deviation based on concentration 271 lower than 10%. Finally, good linearity (r 2 > 0.994) was obtained for calibration curves 272 prepared in the three matrices evaluated ranging from 1.0 μg kg -1 to 500 μg kg -1 . 273 In order to confirm the presence of BP, the 28 food samples were analyzed using LC-274 HRMS operating simultaneously in full scan and all ions fragmentation (AIF) mode at a 275 resolving power of 50,000 FWHM (table 2) . 276
Benzophenone was detected in 20 of the 28 food samples at concentrations 277 ranging from 0.7 μg kg -1 to 5.2 μg kg -1 in fruit juice samples, from 1.3 μg kg -1 to 4.5 μg 278 kg -1 in milk based products, and from 0.6 μg kg -1 to 8.9 μg kg -1 in baby food. 
